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Since the  discovery of sporozoan parasites  belonging  to  the  order 
now known as Sarcosporidia in the muscle fibres of the house mouse 
by Miescher in 1843,  many other mammals and not a  few birds have 
been found to harbor them.  Some species, like the one describedby 
]YIiescher,  are  quite  conspicuous  to  the  naked  eye  in  the  ultimate 
stage of development.  Certain  others,  including  those of swine,  are 
microscopic.  Those  of cattle  may be  seen as  barely visible, whitish 
specks when situated beneath the endocardium.  Some of the species 
found  in  birds  are  fairly  conspicuous  as  shown  by  the  dimensions 
given by Stiles.  1 
The  record  of sarcosporidiosis  in  man  is  meagre  and  in  part  un- 
certain  in  value.  Only  two  ca~s--one  described  by Kartulis '  and 
one by Baraban and Saint-Remy'--seem to be genuine.  In those of 
Lindemann'  and  Rosenberg'  the  diagnosis  must  remain  doubtful. 
The case of Kartulis was that of a Sudanese.  An abscess had formed 
in the liver and had extended to the abdominal wall.  The  sarcospo- 
ridia cysts were found in considerable numbers both in the liver and 
1  On the presence of Sarcosporidia in birds.  Bulletin No. 3, p. 79,  JBureau of Animal 
Industry,  Washington, 1893. 
ZeitsoSr. 3". Hygiene,  1893,  xiii, p.  1. 
3Bibliographic  anatomique,  1894,  p. 79;  Comptes rend.  Soc. de  biol.,  1894,  10.  s.,  i, 
p. 201. 
4 From  the  Russian  in  Deutsche  Zeitschr.  3°.  Staatsarzneikunde,  1868,  n.  F.,  xxvi, 
p. 326. 
Zeitschr. f..Hygiene,  1892,  xi,  p. 435. 
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the muscular tissue forming the periphery of the abscess.'  Baraban 
and  Saint-Remy found genuine, sarcosporidia  cysts  in  the muscular 
fibres  of the vocal cords of an  executed criminal.  The cysts, from 
.077 ram. to .168 ram. in diameter, were chambered and each chamber 
was  filled  with  falciform  bodies  or  sporozoites.  These  two  cases 
indicate that some oue or more of the muscle parasites  of the lower 
animals may reach maturity in the human subject. 
This brief epitome of sarcosporidiosis in man leaves to this subject 
but little that is of immediate practical importance to. human pathol- 
ogy.  It should not be forgotten, however, that the muscular system 
in man is not subjected to that scrutiny which the viscera undergo in 
pathological  enquiries  and  that  Sarcosporidia  may  be  present  and 
yet not be recegmized.  As in trichinosis, the invasion may be  ever- 
looked or the attending symptoms misinterpreted and the subsequent 
quiescent  stage  fail  to  arouse  any  attention.  The  fact  that  the 
etiology of acute primary polymyositis is  still  unsettled  should lead 
to  more  careful  examination  of the  muscular  system  as  a  part  of 
routine pathological work.  It is not improbable that invasion of the 
muscular system by aberrant parasites may take place now and then. 
Such parasites being in the wrong host may fail to develop and hence 
elude detection, while the products resulting from their disintegration 
may lead to inflammatory reaction. 
The supposition that  Sarcosporidia are transmitted by way o~ the 
digestive tract has been a favorite hypothesis of investigators and has 
been frequently tested by feeding infected muscle.  No positive  re- 
sults have  been reported.  The failures were,  no doubt,  in  part  at 
]east, due to the method o~ experimentation.  The endeavor to trans- 
mit  Sarcosporidia of sheep  by injecting them  into  white  mice  and 
guinea-pigs as was done by Kasparek,' or by the eating of raw meat by 
human beings  as was done by ~Yfoul~," seems at best  abortive, since 
Max Braun in reviewing this case did not hesitate to regard  the  diagnosis  of  Sar- 
cosporidiosis as extremely doubtful, but he subsequently fully  agreed  with  Kartulis 
after having examined the latter's  preparations (Centralbl.  f.  JBakterioL,  1895,  xviii, 
p.  13). 
Centralbl..7".  Bakter.,  1895,  xvili, p. 327. 
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these  parasites  are highly specialized forms.  It  is  a  priori  not im- 
probable  that  the same species  of  Sar  cosporidia may infect several 
hosts  possessing  certain,  to  us  unknown,  relationships,  but  to,  gain 
an insight into the life history o.f such forms the problem first to be 
solved is to  determine the mode of transmission in the same spedes 
in which they naturally occur. 
The  negative  results  of  recorded  transmission  experiments,  to 
whic2a we may safely add many unpublished ones, induced me to make 
an effort to fill at least a portion of the existing gap when, in 1898, I 
found  a  large  proportion  of  gray mice  which  had  been  kept  in  a 
large wooden cage for over a year infected with  Sarcosporidia.  The 
large  number  of  infections  suggested  that  transmissioa  occurred 
directly and not through an intermediate host~  The occasional dis- 
covery of dead mice in this cage, of which parts had bee~ consumed, 
as  well  as the  not  infrequent mutilation  of the  tails  and scrota  of 
living mice, led to the hypothesis referred to above, that the infection 
takes place through the digestive tract in a  manner analogous to the 
transmission of Trichinze.  Though the experiments needed to dem- 
onstrate the truth or falsity of this hypothesis seemed at first simple 
and easily executed, yet in the course of carrying them out a number 
of factors appeared which had to be taken into account.  The length 
of time consumed by each feeding experiment, about 3  months, per- 
mitted  the  introduction  of the new  control  factors  only slowly,  so 
that these tests have extended over a period of more than 2 years. 
In order to present the mo~e important facts of these investigations 
in  an intelligible manner, I  shall first relate the life history of the 
muscle parasite  as interpreted by the results obtained.  I  shall then 
give such details  of the actual  experiments as may be  necessary to 
enable  others  to  estimate  their  relative  value  in  establishing  the 
results claimed and to repeat them if thought desirable. 
SA~eocYs~s ~Rm  (R.  Blanchard)  Labb&  ° 
(M~escheria muris, R. :Blanchard, 1885.) 
The parasite, as a rule, is noticed only in its matured state when it 
becomes visible to the naked eye.  It seems to be pretty widely dis- 
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seminated  and  infected mice  are  encountered  at  intervals  in  most 
laboratories where  mice are  kept,  to judge from verbal  accounts  of 
such discoveries in this country.  The frequency with which they are 
found in  rooms whither mice are  drawn by ample  food supply and 
where they breed is discussed in a subsequent section of this paper. 
A  mouse  whose muscular system contains matured  parasites  pre- 
sents  a  very striking  appearance.  If  the  skin  be  removed  all  the 
skeletal muscles will  be  seen  to contain  streaks  of  a  whitish  color. 
These may be so numerous as  to leaYe but  little  of the normal red 
color of the muscle or they may be quite scarce  (Plate IV,  Fig.  7). 
:Even the muscles ef the head and the diaphragm are invaded.  I  have 
found them in sections of the eye muscles.  The heart muscle, how- 
ever, remains free.  These linear streaks run parallel to the muscle 
fibres.  In ease of superimposed translucent layers whose fibres run in 
different, direction.s,  as in the abdominal muscles, the streaks are. seen 
crossing one another at different angles.  They vary more~ or less in 
lena.h, the oldest and largest being from 1 to. 1.5  cm. long and about 
.55  ram.  broad.  The  more  isolated ones  are  of greater  width than 
those  crowded together.  '° 
If a  piece  of fresh muscle be teased in some indifferent fluid and 
examined under  a  low power  the whitish streaks resolve themselves 
into opaque, thin-walled tubes, densely packed with crescentic bodies, 
the  so-called  sporozoites. 1'  The  outer  wall  of  such  a  tube  is  very 
thin,  smooth,  and  without,  any  external  appendages.  It  is  usually 
encased by a narrow rim of muscle fibrillse,  the remains of the invaded 
fibre.  ~githin this parasitic tube, among the sporozoites, a fMnt ne~;- 
work of lines is discernible which forms flattened meshes whose long 
axes  are  at  right  angles to  that  of  the  parasite  itself.  These  are 
10According  to  investigations made by Mrs.  Gage (The _tgicroscope,  1888, viii, p. 225) 
some of the fibres in the  shorter muscles of the  mouse extend from tendon to tendon. 
In the longer muscles they are as a  rule shorter  than  the muscle itself.  Exact meas- 
urements  of  isolated  fibres  showed a  variation in length  of from  5  ram.  in the  short 
muscles to  22 ram.  in the longest  muscles.  I  have not made any measurements  upon 
isolated infected fibres,  but all observations  point  to  the inference  that  the  parasite 
eventually  occupies the entire length of  the muscle fibre in which it happens to lodge. 
n  The terminology  used in  this article is that  suggested  by  Schaudinn  (see  Liihe~s 
review in Centralbl. f.  JBakt.,  1900,  xxvii, p..~67). Theobald  Smith  5 
optical  sections  of  partitions  which divide  the  entire  parasite  into 
chambers  which  enclose  the  sporozoites  (Plate  I,  Fig.  1).  When 
the  parasite  is  torn  by  teasing,  the  latter  escape  and  are  found 
isolated  (Plate  III,  Fig.  5).  In  outline  they  are  crescentic  and 
resemble  bananas.  The  body in  the  middle  is  .004  ram.  thick  and 
measures in a  straight  line  from end to end  .012  ram.  A  modicum 
of fine granules is recognizable but nothing more. 
When  these  sporozoites,  suspended  in  normal  salt  solution,  are 
warmed to  35 °  or  37 °  C.  they exhibit peculiar  movements.  These 
are  better  observed  in  slide  cells  with  convex  bottom  than  in  the 
hanging drop.  ]~y melting down the corners of square cover-glasses, 
as  recommended  by  Siedlecki,  good  cells  may  be  improvised  with 
ordinary  slides.  The  cells must  be sealed  with  vaseline  to. prevent 
the  eoncentratlon  of  the  salt  solution.  The  observations  are  most 
satisfactorily  made  with  the  aid  of  a  Nuttall  thermostat  into  which 
the entire microscope is placed. 
It  will be noticed  as the  temperature  rises  that  these bodies have 
become more  homogeneous  and  somewhat  refractive  and  that  their 
form has  become slightly altered.  They  are  now more  curved  and 
somewhat more slender.  At 34 °  to 36 °  C. they begin to move in a 
gliding manner  o~ a circumference corresponding to their  own curva- 
ture  for  from  1½  to  2  revolutions.  Then  they  suddenly  flop  over, 
i. e., revolve on their long axis ¼ to ½ a revolution.  After from 15 to 
30  seconds of rest they pass  through  the same  motions  anew.  Fla- 
gella  were  not  o.bserved.  These  movements  may  be,  observed  for 
several hours.  During the second hour  they grew less and  less vig- 
orous, and finally only a  few remained  active.  They are  dependent 
on warmth,  ceasing when  the  slide is  removed from  the  thermostat 
or allowed to cool, and beginning  again when it is warmed.  I  have 
seen a few move in midsummer at a temperature of 29.5 ° C.  In the 
only experiment made to test the vitality of the sporozoites after the 
death  of the  host they  retained  their  power to move for  a£ least  4 
days, the  mouse  tissues being kept in the  refrigerator  in  the  mean- 
time  and  examined  from  day  to  day.  1~  These  observations  lead  to 
1~ In  some  notes  made  in  1890  when this parasite came under my observation in a 
single  case  (Washington,  D.  C.)  the  same  peculiar  movements  are  recorded.  The 6  Production  of  Sarcosporidiosis  ~n  the  Mouse 
the inference that  the sporozoites,  owing to their perishable  nature, 
must  enter  an'other  host~ presumaMy  warm-blooded.  The  move- 
ments simulate a  boring  or screw-like action,  which may come into 
play when they penetrate the mucosa. 
When muscular tissue containing the matured sporozoites was fed 
to mice~ no evidence of any invasion of the muscle fibres was obtained 
until approximately the ~5th  day,  when the smallest parasites  were 
first  detected.  The  youngest parasite  which  I  have  recognized  in 
fresh tissue was a fusiform body .152  ram. long and .02  ram.  broad 
(Plate  IV,  Fig.  8).  This  stage  consists  of a  delicate,  structureless 
membrane whose  eontents~  in  the  fresh  condition,  are  hyaline  and 
practically  invisible.  A  moderate  number  of  minute,  scattering, 
refringent granules appear in  its substance, which are of substantial 
aid in  finding it.  In somewhat later  stages  when the  parasite  has 
grown much longer, its substance is found divided into a  number of 
broadly fusiform bodies whose long axes are nearly parallel  to  that 
of the  mother tube  (Plate  II,  Fig.  4).  In  this  stage the  parasite 
readily slips out of the muscular fibre in which it is lodged, when the 
fresh tissue is teased.  It suggests a  tube densely packed with small 
fish.  These primary divisions of the parasite are .012  ram. long and 
.004  ram.  broad  in  the middle.  Each is  provided with  a  spherical 
highly refringent granule  .001  ram.  in  diameter  blackening slowly 
in osmic acid.  It is contained in a minute vesicle.  Beyond this the 
fusiform  bodies  reveal  no  structural  details.  Individuals  are  now 
and then found in which the division,  completed in some parts,  lags 
behind  in  others.  The  bluntly  rounded  ends  of  the  parasite  are 
usually behind the rest of the body in  this respect. 
This primary stage of the fusiform bodies is followed by another, 
seen first in the central portion of the tube.  ttere the parasite be- 
comes  broader  and  more  opaque  owing  to  the  presence  of  closely 
packed  crescentic  or  kidney:shaped  bodies  (Plate  IV~  Fig.  11). 
Just what change takes  place in the fusiform bodies which leads to 
the crescents I  am unable to state.  Certain appearances suggested a 
sporozoites of the Sarcosporidium of sheep are described by L.  Pfeiffer (Die JProtozoen 
als  Krankheitserreger,  p.  123.  Jena,  1891)  as  becoming amoeboid  when  warmed  in 
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longitudinal cleavage of the former.  One parasite in this transitional 
stage I  was fortunate one,ugh to obtain, by teasing, completely freed 
from its encasing fibre.  It was about 4 ram. long and .026 ram. broad. 
In  about  70  days after  feeding the  parasites  enter  the  stage  of 
spore and sporozoite formation.  The substance of the parasite is new 
found to be made up of relatively large roundish or polyhedral masses 
of a finely granular appearance which are in close apposition with one 
another  and  .014  ram.  to  .016  ram.  in  diameter  (Plate  IV,  Fig. 
12).  These sporoblasts soon break up into the final sporozoites, the 
exact number of which I  have not been able to determine.  Probably 
eight are formed from each sporoblast.  The continuous growth and 
breaking  up  of the  sporoblasts  causes  enough  internal  pressure  to. 
force the sporocysts to assume a  flattened outline within the parent 
tube,  with their long diameter at right  angles to that of the latter. 
The whole suggests the appearance presented by dried figs in  their 
original package.  The stage of the unsegmented sporoblast  I  have 
rarely seen, and I  think it is of short duration, the sporocyst following 
closely upon this stage.  Rarely sporoblasts and sporocysts are found 
in  different sections  of  the same individual  at the same time.  As 
stated  above,  the ripe  sporozoites  readily escape from the  parasitic 
tube when fresh tissue is teased.  A  similar escape is not  observed, 
however, in  any of the preceding stages.  2qeither the fusiform nor 
the succeeding crescentic bodies leave the parent tube~ when the latter 
is torn unless decomposition has set in or a  one per cent solution of 
acetic acid be added. 
The  account  given  above  implies  that  the  partitions  within  the 
Sarcosporldium are not ingrowths from the external wall  as is fre- 
quently claimed, but that they are simply the walls of the sporocysts 
in  close apposition  with  one  another.  I  have  seen  nothing  in  my 
observations that would lead me to accept any other view with refer- 
ence to the species under consideration. 
Sarcocystis  muris thus ripens within the muscular tissue in 2½ to 3 
months after the date of feeding.  Ingestion of infected muscle at this 
final stage by another mouse is followed by a similar infection of the 
muscular system. Production  of  Sarcosporidiosis  ,in  the  Mouse 
It  was  not  my  purpose  at  this  time  to  enter  into  any  study  of  the 
morphological  details  of  the  various  stages  in  the  intra-muscular  life 
of this  Sporozoon.  It seemed, however, desirable to confirm the obser- 
rations  made with fresh tissues  upon such  as were fixed and  hardened 
and stained according to current methods.  In doing this the following 
plan was  adopted: 
Muscular  tissue  from  chloroformed mice  was  fixed for  24  hours  in 
Zenker's  fluid  and  then,  after  thorough  washing,  was  hardened  in 
ascending strengths of alcohol.  The tissues were embedded in paraffin 
after  passing  through  cedar  oil  and  cut  in  ribbons.  Various  stains 
were  employed, such  as  the  various  h~ematoxylin preparations  with  or 
without eosin and piero-aeid-fuchsin; also eosin and Unna's  polyehrome 
methylene  blue,  and  Heidenhain's  iron  h~ematoxylin.  The  best  stain 
I  found to be h~ematate of ammonia, which I  had prepared myself and 
which  stained  rather  slowly mad  chiefly nuclear  matter. 
In the earliest intra-muscular  stages  of the  parasite  seen, a  multiple 
division  of  the  nucleus  was  already  under  way  (Plate  I,  Fig.  2,  and 
Plate  II,  Fig.  3).  The  entire  substance  was  mapped  out  into a  large 
number of areas having certain definite characters.  Each area consisted 
of a  rather dense nuclear body, .002 ram. in diameter, and with faintly 
lobulated  periphery occupying a  clear space  2  to  3  times its  diameter. 
Within  this  space  and  a  somewhat  variable distance  from the  nucleus 
was another body, perfectly spherical, about .0005 ram. in diameter and 
staining  compactly  with  chromatin  dyes.  The  significance  of  this 
minute  satellite  accompanying  each  nucleus  must  be  left  to  future 
cytological studies.  1'  All that I  can state now is its unvarying presence 
in  this  early stage.  It  has  not  been  described by Bertram,  1' who  has 
studied  the  early stages  of other  species  of  Sarcosporidia. 
A  division into  separate  individuals  or cells  was  not  noticed in the 
earliest stages.  Somewhat later fusiform bodies appear in outline, each 
of  which  contains  the  nucleus  and  the  micro-nucleus  or  karyosome 
above mentioned.  The latter, however, soon disappears. 
Beyond this the study of stained sections has not thus far contributed 
anything material to the facts brought out by the study of fresh tissue. 
No clue concerning the suspected division of the fusiform bodies before 
they enlarge into the sporoblasts  was  obtained.  Nor did the examina- 
tion  of  sections  from  a  number  of  cases  reveal  the  processes  in  the 
13ForsimilarbodiesiuttLe development of trypauosomesof gray  rats  see  Rabino- 
witsch and Kempner,  Zeitschr. f.  Ity.qiene,  1899,  xxx, p.  251. 
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sporoblasts  which  end  in  the  breaking  up  of  these  into  sporozoites. 
Evidently these changes go  on very rapidly and  are  encountered only 
through  lucky accidents  rather than  carefully planned  and  executed 
experiments. 
This fragmentary statement of what seem to be the stages leading 
to the formation of the sporozoites has been introduced simply as a 
stimulus to  a  more thorough  study of this  parasite,  which feeding 
experiments enable  us now to  obtain  in  any desired amount.  The 
statements of other observers point to a similar complex development 
of other members of this genus.  Thus Bertram," in a  study o~ the 
Sarcosporidia  of  sheep  speaks  of  the  earliest  divisions  or  cells  as 
mother-sporoblasts,  implying thereby  a  further  division  before  the 
stage of sporoblast is reached.  L. Pfeiffer 1~ thinks that there may be 
crescentic bodies of the second, third,  etc., generation. 
]EXPERIMENTAL  DATA  AED  RESULTS. 
Since the experiments whose results  I  have briefly given  are the 
first in which feeding has been successful, it is necessary to go some- 
what into  de~ail  concerning the  experiments themselves in  order to 
point out the difficulties and limitations inherent in work of this kind 
to which bacteriological methods are, inapplicable,  The details which 
require special attention are:  (1) the source of the animals used;  (2) 
the food; (3) the association of the animals with one another in con- 
finement; (4) the ecto-parasites of mice; and (5)  the method of feed- 
ing the infected material. 
1.  The  common gray  house  mouse was  used  almost  exclusively. 
A  few white mice and crosses were included and the results indicated 
equal capacity for infection.  Since it  is  impossible to  tell,  without 
removing bits  of  muscular tissue  by  a  sur~cal  operation,  whether 
any mouse is  infected spontaneously,  even a  severe infection being 
compatible for many months with  a  sleek appearance and the usual 
vivacity, control observations were made upon mice during the whole 
period of the investigation.  The  surgical operation referred to was 
1~ Loc.  cir. 
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considered  inapplicable  in  the  case  of  such  small  animals,  not  to 
mention the  chances  for missing slight infections.  The  chief source 
of the mice was a room where the small laboratory animals were kept. 
i~Iice caught in this room as well as elsewhere were examined micro- 
scopica]ly,  l~ortions of muscular tissue were teased fresh in normal 
~dt  solution  and  carefully scrutinized  with  the  16  ram.  and  4  ram. 
objectives for those earlier stages which are not visible to the  naked 
eye.  155  control  mice,  of which  120  were  from  the  animal  room 
above referred to, were examined in this way.  Of the  35 from out- 
side sources,  one  was found infected.  Of the  190  from the  animal 
room examined over a period of 3 years,  8, or about 6~%, were found 
infected.  This  rather  high  rate  of infection is probably due  to~ the 
fact that before attention had been directed, in the spring of 1898, to 
the infected cage a mouse may haste  occasionally escaped from it and 
carried the infection into the  hiding places.  2r tabulation  of all the 
facts bearing upon these control mice showed that there was,  during 
the winter months of both 1900 and 1901, a slight wave of infe.ction, 
which,  judging  from  the  age  of the  Sarcosporidia,  started  near  the 
beginning  of December.  It was almost wholly confined to the large 
adults, male and female, and was most probably due to some olcl mouse 
killed and partly consumed by others. 
2.  The  association  of  mice  in  confinement  may  lead  to  general 
infection  if  a  spontaneously diseased  mouse  should  die  in  the  cage. 
In order to eliminate this source of error the mice were either trans- 
ferred directly te glass jars, one or two in a jar, or else when they were 
stored in cages in larger numbers,  any that died or were remo.ved for 
other purposes were carefully examined. 
3.  The  food  of  the  mice  was  at  first  bread  and  oats,  later  oats 
almost  exclusively.  The  i~ossibility that  the  oats might  be contami- 
nated led to steaming them before use.  The general outcovne of the 
experiments  does not favor the  hypothesis  that  infection  may  occur 
in  this way.  The  bedding for the  jars  was  carefully  selected  from 
hay  and  straw~  and  in  the  later  experiments  was sterilized  dry  as  a 
final precaution. 
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observers taken  together  with  the  somewhat  unexpected  results  of 
investigations upon other t)rotozoa which demonstrated that arachnids 
are  the transmitters  of bovine malaria  (Texas  fever),  mosquitoes of 
human  malaria,  that  flagellates in  the  blood of rats  are  transmitted 
by fleas, in the blood o~ larger animals by a fly (Glossina morsitans), 
made it necessary to  examine  any possible relationship  between sar- 
cosporidiosis  in  mice  and  certain  eeto*parasites  which  infest  them. 
There  is,  however~  no  close  analog  between  the  transmission  of 
microorganisms  circulating  freely  in  the  peripheral  capillaries  and 
such parasites as are situated more deeply and securely in the muscle 
fibres.  The ecto*parasites of the mice which came under my observa- 
tion  were  two  species  of  mites,  Myobia musculus and  Myocoptes 
musculinus.  They were either  found on different  animals  at differ- 
ent  times  or  else  associated  together  on  the  same  individuals.  In 
order to bring them into view, the skin of the chloroformed mouse was 
left  from  a  few to  24  hours  under  a  bell-glass.  Any mites  would 
then appear on the hairs,  usually near the tips.  Myocoptes  was first 
encountered  as  a  delicate  woolly scab  around  the  base  of  the  ears. 
In  this  colonies  of  eggs  and  immature  young  were  found,  l-~ore 
rarely  colonies  of young were  found  in  the  subeutis  as  round,  flat 
masses not more than  1  ram.  in diameter  and resembling a  little bit 
of circumscribed adipose tissue.  Adult Myocoptes were occasionally 
found  in  large  numbers  on  unthrifty  caged  mice.  As  a  rule  mice 
confined together in numbers  up to 15  or 20 were infested. 
The  possible relation  of these mites to the  sarcosporidia was care- 
fully taken into consideration by noting their presence or absence on 
the  animals  examined.  As they are very small and  cannot be made 
out distinctly without a hand-lens, they may be overlooked when very 
few are present. 17  They did not seem to bear any etiological relation 
to  the  muscle  parasite.  They  were  frequently  noted  as  absent  in 
positive cases and very numerous in negative  cases.  Long cohabita- 
tion with infec£ed mice in the presence of these mites did not increase 
the opportunity for infection,  as will be pointed out farther  on. 
17 Myobia is about  .5 ram.  long  and .2 ram. broad.  Myocoptes  is about  .3 ram.  long 
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5.  As  stated  above,  the  mice  used  in  the  experiments  were  either 
kept before the feeding in lots of 10 to 15 ill large cages made of wood 
and fine-meshed wire, or else they were placed directly into glass jars. 
Ordinary battery jars,  6 by 8  inches, were  covered with a  galvanized- 
iron wire  top  with meshes too  small to  admit house flies.  From this 
top  a  small glass  dish to hold water was  suspended with copper  wire. 
The drinking water was renewed by removing the wire top and slipping 
a glass  plate in its place temporarily.  The drinking dish left attached 
to  the  wire  top  was  rinsed  and  filled  and  the  top  replaced.  This 
arrangement kept the bedding dry and the jars were  changed but once 
in three weeks.  The grain was poured into the jar and the hulls slowly 
accumulating were  removed when the  jar was  changed.  In such jars 
two,  very rarely three, were kept. 
in experiments from ~o.  8  to  19  of the table,  the  infection of the 
mice was effeeted in the following manner: Food was usually withheld 
for the  day,  and towards evening the muscular tissue  of the  infected 
mouse, freed completely of skin and entrails, was  cut up into fine bits 
in normal salt  solution.  This mass was  mixed with bread  crumbs  in 
a  small glass dish and moistened if necessary with more  salt solution. 
Each jar,  containing one  or  two  mice,  received  a  dish.  The  amount 
eaten was  noted next morning.  In the  earlier  experiments  the  mus- 
cular tissue or a piece of the carcass  was placed in the jar without any 
preparation,  but  the  mice  often refused  to  touch  it.  The  food  sub- 
stances mixed with the infected flesh must be properly chosen.  I  have 
found bread  crumbs  softened in  normal  salt  solution a  favorite dish. 
In the summer of 1900 I  used cornmeal, but the mice threw it out of 
the  dishes,  and  I  attribute  the  failure  of certain  experiments  to  the 
injudicious  selection  of  the  food.  The  mice  to  be  examined  were 
usually chloroformed, more rarely killed by a blow while under chloro- 
form.  The  latter  did  not  affect the  vitality of  the  Sareosporidia  or 
of the mites. 
When the preliminary experiments had  made it  evident that  the 
Sarcosporidia enter the muscles by way of the digestive tract, it be- 
came necessary to determine the time after feeding when the parasites 
begin  to  appear  in  the  muscle-fibres or  can  be  recognized  therein, 
and the time required for the ripening of the sporozoites.  In order 
to  eliminate errors  of interpretation it was desirable to examine the 
animals  during the  easier,  most  characteristic stage  of  the  muscle 
parasite,  because the later ripe  stage remains unchanged indefinitely Theobald  Smith  13 
and gives no clear testimony concerning the probable date of infection. 
To determine the time of the earliest appearance  of the parasite  in 
the muscle fibre, infected mice were killed at different periods after 
the feeding and the quite  uniform answer given by all experiments 
was that the earliest stages were detected between the  ~0th and the 
50th day after feeding. 
The accompanying table has been condensed from one upon which 
all the details of the  experiments to which  any attention had  been 
given were noted.  Among these are the source, size and sex of each 
mouse, the date of capture, the mode of confinement and the presence 
or absence of mites.  A  study of these data led me to regard most of 
them as  negligible factors, and they are therefore omitted from the 
published table. 
In the  examination of the mice, a  careful record was kept of the 
stage ef development of the muscle parasit% and upon this record is 
based the number of cases which are put down as the result  of arti- 
ficial infec£ion and the number in which the infection had presumably 
occurred in the natural way. 
Before discussing the  results  of the  experiments as  a  whole, a  few 
remarks  concerning some  of them may not  come  amiss.  One  of  the 
earliest (No. 2) led me to assume erroneously that the parasite appears 
very soon--within a week--in the muscular tissue.  Six days after the 
single mouse had been fed it died, and in the abdominal muscles were 
found  the  earliest  segmenting  stages  of  the  parasite.  Later  experi- 
ments made it evident that the mouse was infected when used.  Some- 
what later the feeding experiments made with the carcass  of infected 
mice yielded results which seemed to point to wound infection.  Those 
fed  with  bony  portions  were  found more  frequently infected.  This 
inference was  also  found to be  an  error  and was  given up  when the 
feeding of bread with the infected muscle proved so successful.  Of the 
later  experiments,  No.  12  deserves  notice.  The  2  mice  which  were 
caught in  a  distant  building  and  did  not  come  in  contact  with  any 
others  were both found in the  earliest  stage of infection on the  51st 
day.  Experiments No.  13  and 14 yielded very poor results, yet these 
were offset by the fact that there was no evidence that any mouse had 
been infected before use.  The partial failure to infect I  attribute, as 
already stated,  to  the  use  of  cornmeal.  On  several  occasions  I  have 
noticed that mice recently caught in distant buildings were less inclined oo  o 
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to eat the infected food than those caught in the animal room or con- 
fined for some time in cages  or jars, where food was  always plentiful. 
Possibly the changed environment leads to a  more voracious appetite, 
which may influence the results of experiments.  In not a few instances 
only one of two mice fed together in the same jar was found infected. 
Before leaving the subject of minor details, I  shall give an account 
of Experiments No.  18  and 19,  which may be taken as  a  type of the 
later ones.  In ~o. 18, 18 mice were used, of which one was found dead 
in the course of the experiment, but too late to be examined, leaving 17. 
11  of these  were  from  3  cages  stocked  during  the  summer  of  1900. 
Control examinations of all that  died in  the  cages  were made.  Two 
from a  distant house were placed together in a  jar.  Four were white 
mice raised in another house and also kept by themselves.  On the day 
of feeding the 11  gray mice had been confined for 3 to 4 months and 
were not  very thrifty.  Of  these,  9  were  chloroformed from 2  to  41 
days after feeding, but  no  infection was  detected.  The  remaining 9 
were examined on the 60th and 62d days respectively, and the infection 
was found in the early stages.  The 2 gray mice from a distant house 
confined only 9  days before feeding refused the infected food.  Both 
were found free from infection on the 94th day.  The 4 white mice were 
examined 67,  69  and 85  days after feeding and were  found in  stages 
of infection corresponding to the assumed cycle  of development of the 
parasite.  Both negative and positive  cases  were  infested with mites. 
In To.  19, all the mice were from a distant house and kept separate 
from those caught in the animal room.  There were 4 jars, containing 
2  apiece.  Between the 50th and 60th days all were chloroformed.  6 
out of 8  were  in the  earliest  stages  of  sarcosporidiosis.  In  two  jars 
both  mice  were  affected.  In  the  remaining two,  only  one  each.  A 
tlfth pair of mice from the same source, and kept in the same way as 
controls, were killed at the same time.  Both were free from infection. 
Turning to the  results  of these  experiments,  we  find that  of 43 
mice killed before the 45th day, 3 were infected.  On account of the 
advanced stage of the parasites,  these are  classed as infected before 
use.  Of the 34 killed between the 45th and the  60th day, 27  were 
infected.  Of these,  one is  classed with the  spontaneous infections. 
Of the  57  killed after 60  days,  32  were  infected.  Of these,  2  are 
rejected as previously infected.  Taking all together, we have of 91 
examined after 45  days, 59  infected, 32  not.  Rejecting 3  of these, 
we  have  an infection of  63.6% after  45  days.  If we  compare  the 16  Production  of  Sarcosporidiosis  in  the  Mouse 
spontaneous  infections  discovered  in  the  experimental  mice  with 
those  of  the  mice  examined  as  controls,  we  find  a  close  agreement. 
Eliminating  from  both  series  all  mice  caught  outside  of the  animal 
room,  we find  the  control series of 120  mice  from  the  animal  room 
yielding a  spontaneous  infection  of  6~%, the  experimental  series,  of 
6~% also, if we include in this series all mice whose source is indicated 
as  doubtful in  the table,  which  would make  90 in  all.  It  is  highly 
probable that all mice marked doubtful came from the animal room. 
It  is of interest  to compare with  these  statistics  those  of the  per- 
manently  infected  cage.  When  the  disease  was  first  discovered  it 
was  thought  that  simple  cohabitation  might  induce  it,  and  hence 
fresh  mice  were  introduced  from  time  to  time.  To  make  sure  of 
the  persistence  of  the  infection,  the  bodies  of  infected  mice  were 
placed in the cage temporarily from time to time.  In :Feb.,  1900,  a 
jar  containing  bits  of  infected  muscular  tissue  mixed  with  bread 
crumbs was put into the cage.  76 days later,  6 out of tile remaining 
10 mice were found infected.  4  were in the  earlier  stages,  suggest- 
ing the last feeding as the cause; 2 were in advanced stages.  Whether 
they were also infected with younger stages was not noted.  Of the 
39 mice taken  from this  cage of which I  have  any records,  19 were 
infected,  90 free, yet all had been in the  cage from  6 to  12  months 
and  continuously  exposed to mites  and  fecal discharges,  and  all  had 
had  an  opportunity  to  infect  themselves  by  feeding.  Under  these 
conditions about 50% became diseased, whereas in the feeding experi- 
ments the  net positive result is  63.6% 
The life history of Sarcocystis muris as interpreted by the results 
of the foregoing experiments consists in the invasion of the muscular 
system  of  the  mouse  by  sporozoites  taken  in  with  the  food.  The 
sporozoites being contained  in cysts cannot  escape,  and the infection 
can take place only when muscular tissue is eaten.  The long period 
between  infection  and  the  growth  of  the  parasites  in  the  muscle 
fibres might be interpreted in two ways: 
1.  The parasite  requires a long time to store up enough energy to 
undergo  the  rapid  growth  and  multiple  division  of the  nucleus  ter- 
minating  in the formation  of spores and  spo~rozoites.  Similarly long Theobald  Smith  17 
periods  are required by the various  Cystieerci of the common tape- 
wQrms of man to reach the--for them--mature stage. 
2.  The  sporozoites  after  ingestion  develop  into  sexually  mature 
organisms  in some part  of the  body in  a  manner  analogous to  the 
genus  Coccidium.  After fertilization the  female organism  (macro- 
gamete) migrates into the muscle fibres and there passes through the 
process of sporogony. 
This second hypothesis seemed the more attractive one at the outset 
and  much time was  devoted to  tracing the hypothetical sexual  ele- 
ments in various organs of the body.  Especially the intestinal tract 
was  scrutinized  carefully in  animals  killed  at  stated  intervals  after 
infection.  The intestinal contents, the epithelium and the submucosa 
were searched in fresh prepara£ions, in some cases in sections, for any 
forms which might be taken for the parasites sought for.  The fate 
of the sporozoites soon after feeding was investigated, but no traces 
of them found.  The spleen, kidneys and the bone-marrow, as wet1 
as the blood, received attention but nothing definite was discovered.  TM 
Another view suggested itself as an outgrowth of the second.  It 
was assumed that the sporozoites  became sexually mature in the in- 
testines, were discharged and then ingested either by the same host 
or other mice.  This hypothesis was discredited by the impossibility 
of  producing  the  disease  by  simple  cohabitation  in  infected  cages. 
Yet  the  occasional  discovery of  minute  coccidia-like  bodies  in  the 
intestinal contents led to  a  more thorough search without, however, 
leading  to  any  result.  The  following  experiment  was  also  made. 
Two white mice from Expt.  18,  kept together in the same jar, were 
transferred W fresh jars on the 2d,  3d,  4th,  6th,  8th,  9th and  11th 
day after feeding, to remove any hypothetical, sexually mature ele- 
ments discharged with the feces.  The mice were nevertheless found 
severely infected in due time." 
~y  observations have thus not yet bridged the gap up to the  6th 
week.  Careful  examinations  of  the  fresh  muscular  tissue  of  mice 
~s Ip  the  spleen  I  encountered  quite  regularly  the  large  giant  cells  of  the  bone 
marrow. 
~  In  the  digestive tract  of many  mice kept  confined for  some months  and  not  very 
thrifty,  two  flagellates,  Lamblia  intestinalis  and  a  trichomonas-like  form  were  fre- 
quently  encountered  in  the  small  intestine  together  with  an  amoeba  in  the  cmcum. 
These  protozoa  it was believed  bear no genetic  relation  to Sarcocystis muris. 
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killed earlier than this have been made in large numbers, but they are 
not sufficient in  themselves to  warrant the  assumption  that  the  im- 
migrated sporozoite is not present much earlier than this.  The exami- 
nation of stained sections in considerable numbers will be necessary. 
It may be found that the parasite reaches the mu~le fibre soon after 
ingestion, where it remains undetected until the multiple division of 
the nucleus begins and the organism by its rapid growth and increased 
affinity for  chromatin dyes becomes recognizable.  The  parasite  re- 
produced in Plate I, Fig.  2, which was fotmd 51  days after feeding, 
measured only .05 ram. in len~h and .016 ram. at its greatest width. 
These dimensions are four times those of the sporozoite--a very slight 
increase in this long period of time. 
There are several aspects of this whole subject which have suggested 
themselves in the course of the investigation and which I  shall touch 
upon very briefly. 
The infected tissue used for feeding came, in about one-half of the 
experiments, from mice taken from the infected cage.  In the other 
half,  mice from one  of the  preceding experiments were used as  in- 
dicated in the table.  In the later experiments it became evident that 
the Sarcosporidia developed somewhat more slowly than in the earlier, 
and that the fully matured muscle parasites were smaller than in the 
earlier, and in the spontaneous infections, due not to  any shrinkage 
in size  of the  sporozoites but  to  a  smaller number.  This  apparent 
degeneration  may  be  due  to  the  feeding  of  tissue  from  artificial 
infections--a kind of artificial cultivation of the parasite under slightly 
abnormal conditions, such as monotonous diet and confinement of the 
host.  It Inay also be due to the need of passing temporarily to some 
other host, or perhaps to other still unknown causes. 
Can  mice be  infected twice  or  oftener,  or  does the first  feeding 
establish  immunity?  This  question  was  approached  in  one  experi- 
ment.  Two mice in  Expt.  17,  fed ~ov.  25,  1900,  were fed again 
after 55  days on Jan.  19,  1901.  They were killed March ~,  about 
4  months after the first,  2  months after the second feeding.  There 
was an abundant invasion due to the first feeding, but none traceable 
to the second feeding.  Simultaneous feeding of other mice on Jan. 
19 was successful. Theobald  Smith  19 
Another question which has an important bearing on the outcome 
of feeding experiments is that of an initSal immunity which may lead 
to a  destruction of the sporozoites before they  reach  the  protecting 
envelope of the  muscular fibre.  That such immunity exists  is sug- 
gested but not demomtrated by the general outcome of the investiga- 
tion.  I  have already referred to the disinclination of recently caught 
mice to  eat muscular tissue  mixed with bread,  but this  only partly 
explains the results. 
May  sporozoites  infect  when  injected  into  the  subeutis  or  the 
abdominal cavity?  With the earlier feeding experiments, 5 separate 
tests were made to solve this problem.  The results,  though leaning 
decidedly towards the negative, were not quite satisfactory  and will 
have to be repeated on a larger scale. 
I  have left the chapter on the pathology of ~rcosporidiosis in the 
mouse, as well as  the toxicity of the sporozoites,  as  brought out by 
L.  Pfeiffer ~  for the  parasite  in  sheep,  and  subsequently by  Laveran 
and  Mesnil ~  for  the  same  species,  for  special  consideration.  In 
general the tissue reaction appears to be very slight during the devel- 
opmental  period  of  the  parasite.  ]~[ultiplication  of  muscle  nuclei, 
scattering,  small loci of leucocyte infiltration  associated  with  slight 
cell proliferation of the perimysium internmn and the sheath of the 
small  vessels  are usually  present.,  but  they  apparently  stand  in  no 
direct relation to the invasion, for the affected fibre and its immediate 
environment  are  in  nearly  every  case  normal.  To  interpret  the 
slight changes present, the condition of the muscular tissue preceding 
visible invasion will need special attention.  When the parasites  are 
very large  and  numerous,  as  in  Plate  I,  Fig.  1,  disturbances  in  the 
movements  of  the  animal  should  occur,  and  as  a  matter  of  fact 
such  mice  are  frequently  found  slow  in  movement  and  ill.  The 
sporozoites in the  old  cysts  may shrivel  and  disappear  and  leave the 
chambered cysts empty as in Fig. 1.  In one case I  found them filled 
with polymorphonuclear leucocytes. 
The life histories of all Sarcosporidia are not necessarily explained 
by the results obtained with Sarcocystis murls.  It would be difficult, 
for instance, to account for the Sarcosporidia of cattle in the way those 
of mice can  now be  accounted for, since  cattle  are  not carnivorous. 
Their muscle parasite is either an aberrant  form from some inverte- 
brate  taken in with their food or else there is an intestinal  stage as 
~o Op. cit.,  p. 123. 
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well,  which  readily  permits  a  discharge  of  spores  outwards.  It  is 
obvious that other views or modifications of the views presented might 
be  brought  forward,  but  I  desist  from  any  further  discussion  not 
based on actual studies.  = 
The  experiments  described  in  the  foregoing  pages  warrant  the 
conclusion  that  the  feeding  of  Sarcocystis  muffs  containing  ripe, 
mobile sporozoites t(~ gray and white, mice is followed by an invasion 
of the muscle fibres by the parasites,  which become readily recogniz- 
able after the 45th day.  At this time the parasite is, as a rule, many 
times  larger  than  the  sporo.zoite  which  it  presumably  represents. 
Within  2½  to  3  months the  parasite  has  reached the  final stage,  in 
which it consists  of a  chambered cyst filled with  sporozoites,  mobile 
at the temperature of the body and capable of infecting other mice. 
DESCRIPTION  OF  PLATES  I-IV. 
PL.XTE  I. 
The  photomicrographs were  made  by Mr.  L.  8.  Brown  in  the  clinico-pathological 
laboratory of the Massachusetts General Hospital through the courtesy of  Dr.  James 
H.  Wright, Director. 
Fig. 1.  Photograph.  Extensive invasion of the muscular system of a  gray mouse. 
Parasite  s matured, many times broader than the muscle fibres in which they originally 
lodged ;  cut obliquely.  In the centre of the figure are  two  parasites in  which  only 
remnants  of  the  sporozoites are  present.  The  chambered  interior is  well  defined. 
x  50. 
Fig. 2.  Photograph.  A  very early stage of Sarcocystis muris in the muscle fibre 51 
days after feeding (Expt. No.  12),  The granular appearance of the parasite is due to 
the presence of large  numbers of  nuclei.  Each  dark  granule  represents  a  nucleus. 
x  350. 
PLAT~  II. 
Fig.  3.  Photograph.  An  early  stage  of  Sarcocystis  muris  undergoing  multiple 
division of the nucleus.  In the two lowest nuclear areas the micronuclci are visible. 
Owing  to  the  obliquity of  the  section  only  a  portion  of  the  parasite is included. 
From Expt.  No.  9,  46 days after feeding.  × 750. 
Fig. 4.  Photograph.  An early stage from a  teased preparation of  fresh  muscular 
tissue in normal salt solution.  The  parasite  slipped out  of  its  muscle  fibre  during 
the teasing, a  frequent occurrence in this stage.  The earliest division into  fusiform 
bodies is completed.  The parasitic tube  is  packed  with  fish-like bodies  in  some  of 
which the refringent spherule is recognizable.  × 650. 
PLATE  III. 
Fig. 5.  Photograph.  Ripe sporozoites from a  torn  parasite.  Dried  lightly on a 
cover-glass, fixed in alcohol and ether~ and stained in hwmalum.  × 400. 
Fig. 6.  Photograph.  An  early  stage showing the  fusiform and  crescentic bodies 
(sporoblasts or mother-sporoblasts).  Hmmalum.  ×6~5. 
'-'e See a  paper by the writer "On a  sporozoon  in  the  intestinal villi of  cattle "  in 
Bulletin  No.  3  of  the  Bureau  of  Animal  Industry,  U.  S.  Dept.  Agriculture,  p.  73. 
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PLATE  IV. 
Fig. 7.  Sarcocystis muris,  ripe stage.  Natural  size.  From  a  specimen  in  Kaiser- 
ling's fluid. 
Fig. 8.  Very young stage as it appears in fresh muscle tissue in normal  salt  solu- 
tion.  The double-contoured  cuticle  encloses a  pale,  apparently  structureless  body 
substance in which refringent particles are sparingly present,  x 200. 
Fig. 9.  A somewhat later stage  under  the  same conditions.  The refringent gran- 
ules, of several sizes, are quite abundant.  × 230. 
Fig.  10.  Stage  of  multiple  nuclear  division,  corresponding to  Fig.  3.  To  show 
the nuclear area, which includes the nucleus and mieronucleus.  From the abdominal 
muscles of a mouse in Expt. No. 9,  46  days  after  feeding.  H~emalum.  For greater 
clearness of detail~  only four are shown.  Compare Fig. 3.  x 1200. 
Fig. 11.  The stage immediately following the  one  characterized  by  the  fusiform 
bodies of Fig. 4.  The crescentic,  or kidney-shaped bodies are the future sporoblasts. 
Each contains one or several rcfringeut granules.  Fresh preparation.  × 400.  (Figs. 
8,  9 and 11 are from infections in Expt.  19.) 
Fig. 12.  The stage  of  sporoblasts.  The  latter  merely  outlined  with  the  camera 
lucida.  The  outlines  represent  the  future  partitions  or  sporocysts.  The  striated 
margins  belong  to  the  remnants  of  the  muscle  fibres  in  which  the  parasites  are 
lodged.  From Expt. 16,  4 months after infection.  Development somewhat delayed. 
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